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CHANGES OF CELL ENZYMES, GLUCOSE,
CHOLESTEROL AND 17-HYDROXYCORTICOSTEROIDS
IN BLOOD DURING PHYSICAL EXERCISE AS A
FUNCTION OF THE PHYSICAL TRAINING STATUS

G. Brockkoetter 2
1. INTRODUCTION [T*

In an extensive research program in which the work output and stress capacity of
highly trained athletes was compared with those of untrained test subjects, the differ-
ences in the response of the two groups were studied under conditions of physical ex-
ercise. In this connection, we deemed it of interest to determine whether various bio-
chemical parameters also change as a fuction of physical training status.

In particular, it was hoped that the results of this investigation would provide
answers to the following questions: 1. Does physical exercise bring about different
changes in biochemical parameters as a function of physical training status. 2. Isit
possible to draw conclusions regarding the training status of test subjects from the ex-
tent of changes in activity and concentration of the biochemical parameters measured
by us. '
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2. LITERATURE REVIEW

2.1 Enzymes

In view of the concurrent findings of numerous researchers [4, 20, 25, 33, 45, 46,
49, 52, 55, 56, 57, 81, 82, 83] there can be no doubt that physical exercise results in
increased cell enzyme activity in blood plasma which depends on the duration and intensity
of the physical stress. In contrast to changes in enzyme activity occurring under clinical
conditions which may be considered as "'extreme'', these activity increases are slight
and of relatively short duration. The short duration of this '"exercise-related enzymatic
hyperactivity" ["'Arbeitshyperfermentie'] [31] indicates that in this case the phenomenon
is not caused by a pathological cell damage but by reversible physiological changes at |
the cell level. Hess is of the opinion that the anaerobic conditions induced in the skeletal ™
muscles during physical exercise cause an increase in permeability of the cell membrane
which allows a fraction of the enzymes to leave the cell [31]. According to Schmidt, on

the other hand, we still are entirely in the dark as to the reason for increased enzyme

*Note: Numbers in the margin indicate pagination in the foreign text.



loss during physical exercise and all explanations advanced to date are nothing but as-
sumptions [73].

~ Several studies have shown that the physical training status affects the extent of the
"exercise-related enzymatic hyperactivity''. However, the non-uniformity and contra-
dictory nature of the results obtained in this respect are noteworthy. In comparative
exercise tests, Richter and Konitzer [64] found that untrained subjects show an increase,
trained a decrease, in aldolase activity. Baumann et al [7] obtained similar results
when they investigated lactate dehydrogenase activity in trained and untrained subjects
after long distance running. Critz and Merrick [19], in their study of glutamate-
oxalacetate transaminase by the Harvard step test method, found a decline in activity
in both test groups. Only the magnitude of this decline varied, that for the trained
subjects being less pronounced than that for the untrained ones. Opposite results were
obtained by Fowler et al [23]. Under the same conditions of physical stress on the
bicycle ergometer, these workers observed an increase in glutamate-oxalacetate
transaminase and malate dehydrogenase activity in both the trained and the untrained
test groups. These increases were, on the average, smaller for the trained than for
the untrained subjects. Cantone and Ceretelli [15] on the other hand found no differences
regarding aldolase activity during and after physical exercise. They did, however, note
a dependence of the activity values at rest on training status. With progressive training,
these values increased steadily, As a result, trained and untrained subjects showed
differences even in initial values. The studies of Richterich et al [65] on transaminases,
i.e., glutamate-oxalacetate transaminase and glutamate-pyruvate transaminase, gave
similar results. Based on comparison of serum levels, military recruits, after six
months of basic training, showed higher average values than did the civilian population.
The authors attributed this higher normal level to constantly recurring physical stress
during training. According to Calvy [12], after six months of training, the malate de-
hydrogenase level of marine infantrymen was also higher than that of the civilian popu-
lation, whereas the lactate dehydrogenase level remained unchanged.

~
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2.2 Blood Sugar

The carbohydrate metabolism plays an important role in physical exercise because,
besides the free fatty acids, glucose is an essential energy-producing substrate in
skeletal muscle [43]. Numerous investigators [16, 29, 30, 41, 67, 79] have shown that
the blood sugar concentration decreases during physical exercise because the increased
glucose utilization is not fully compensated by mobilization of the glycogen reserve. The
imbalance between utilization and mobilization sets in sooner in untrained subjects and, .
for equally strenuous exercise, is greater than in trained subjects [17, 42, 44]. The drop: -
in glucose level is seemingly small during short-lasting maximal stress, but quite high /310%
during prolonged, steady-state stress. Russian investigators [36, 37] have shown that .
this could by due in part to the fact that, in short-lasting, very strenuous exercise, the
muscle glycogen reserve is also mobilized, whereas under medium-intensity, longer-
lasting stress this reserve is not utilized to supply energy requirements. After the
exercise, the glucose level increases in all cases. This increase is faster and more
pronounced in trained than in unfrained subjects [26, 43]. It is due to the fact that,
during exercise, glucose mobilization from glycogen reserves is enhanced and that, after
cessation of exercise, glucose utilization is reduced. Thus, the glucose level increases
as a result of an imbalance between continuing glucose mobilization and reduced glucose

—
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utilization.

2.3 Cholesterol

The widely publicized ""Framingham Study' [9], which was carried out on a large
group of people, has led to the conclusion t_hgf}\cbrrelation exists between physical
exertion and the cholesterol level in blood. This study has also revealed that in men
with a cholesterol level exceeding 269 mg[‘@the risk of myocardial infarction was 3
times higher than in a comparable group with a cholesterol level below 200 ng@. This
suggested a direct correlation between physical activity and the development of coronary
disease. To date, however, despite numerous studies, this correlation could not be
unequivocally demonstrated.

It should be easy to show the effect of physical activity on cholesterol level in blood
in a comparative study of trained and untrained subjects. Thus Ahlert [1] found in 56
highly trained athletes a significantly lower cholesterol level at rest than in a compara-
ble group of untrained subjects. Salzmann [71], however, .in a study of 211 healthy
subjects, could not find a correlation between training status and cholesterol concentra-
tion. For quantification of the training status, he determined the maximum oxygen
uptake and related it to the blood cholesterol levels. His calculations produced such low
correlation coefficients that, in his opinion, a direct correlation can be excluded.
Hence, he assumes that blood cholesterol level is affected more by the kind of diet than
by physical activity., Campbell {13, 14] in physical training experiments on a bicycle
ergometer also could not establish a clear dependence of blood cholesterol level on
physical activity. After training, the cholesterol values tended to increase, with fat
subjects again showing higher cholesterol concentrations than slim and muscular types.
Akguen [2] obtained opposite results when he subjected 19 healthy students to intensive
training for a period of three months. At the end of this period, the cholesterol level
in these students was significantly lower than in the control group which was examined
simultaneously, but which did not undergo the training. This worker's calculations,
like those of Salzmann, showed no significant correlation between the drop in choles-
terol level and maximum oxygen uptake. Akguen concluded from his experiments that
although physical activity of sufficient intensity tends to reduce the cholesterol level,
there is no direct correlation between this decline and the physical training status.
Dolezel [21] found seasonal differences in the effect of physical training on cholesterol
level. After winter training, the cholesterol level was clearly lower whereas after
summer training it was slightly but significantly higher. According to Dolezel,. this
can be attributed to dietary differences as well as to different training methods.

Several workers [38, 53, 68, 69, 79] have found that regardless of training status
acute stress in work experiments can cause a change, usually an increase, in choles-
terol level. In contrast to changes observed after physical training, however, this in-
crease is only temporary, disappearing within a very short time after cessation of the
stress. The magnitude of this increase once again seems to depend on training status.
Rochelle [68] and Rotenberg [69] agree in their findings that this increase is significantly
higher in the group of trained subjects.

A
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2.4 Corticosteroids

The effect of physical exercise on adrenal function still is unclear despite numerous
studies [24, 34, 62, 80]. Animal tests have shown that repeated work stress over a
long period leads to adrenal hypertrophy [24, 34]. Removal of the adrenals or hypophys-
ectomy results in adynamia and total inability to perform work [80]. Suzuki [75] was
recently able to show, by direct measurement of 17-hydroxycorticosteroids in dog ad-
renals, that acute work stress leads to increased adrenal secretion. In man, such
studies can be performed only by indirect methods. Basically, therefore, all investi-
gations carried out to date used two methods: 1. determination of corticosteroids in
blood plasma, and 2. determination of 17-hydroxycorticosteroids or 17-ketosteroids
in urine. In this connection, it should be kept in mind that the concentration in blood
plasma is at all times a resultant of hormone secretion on the one hand and decomposi-
tion, excretion and migration into tissues on the other [39]. The testing of adrenal
function by the determination of steroid excretion in urine is also complicated by the
fact that the excretionrate depends. on intermediate metabolism [27, 62] and kidney
output [5, 61].

It is therefore not surprising that the results of studies carried out in man to date
are contradictory, particularly in cases where the investigators adopted hormone ex-
cretion in urine as the criterion of adrenal activity. Thus, post-exercise corticosteroid
excretion was found to be higher [8, 58], lower [35] as well as unchanged [22, 39]. - /13%

Data concerning the variation of corticosteroids in blood during physical exercise
are still scarce. Here, too, both higher [39] and lower [18] hormone levels were found
after physical stress. Nazar [54] points out that these different findings are probably
due to differences in the degree of intensity of the work perofrmed. His studies dis-
closed a decrease in plasma corticosteroids after light exertion on a bicycle ergometer
and an increase after exhausting exertion. This contradicts somewhat the view held by
Cornil [18] and Kaegi [39] that, with increasing duration of intensity of exertion, the
hormone level in plasma must drop because/the increased "'utilization' by the working |
muscle prevails over adrenal secretion. '

Physical exercise should result in increased adrenal activity in man also [40, 66].

This assumption is based primarily on observations in animal tests [50]. To date,

human experiments have not been unequivocal on this point [59]. According to Voigt [77],

in trained subjects the average blood concentration of adrenal hormones at rest is

higher than in untrained ones. On the other hand, Porthan [58] in his study of 17-keto-

steroid excretion found no differences between untrained and trained subjects either at

rest or during physical exertion. Alimpic [3] noted in trained subjects after maximal

stress a general increase in excretion of 17-hydroxycorticosteroids and 17-ketosteroids -

in urine; however, this increase was the smaller the higher the work capacity achieved.

Israel [35] reported similar results for highly trained bicycle racers, i.e., those in

better physical condition showed lower excretion of 17-ketosteroids. Finally, Brdaric

[11] studied the excretion of 17-hydroxycorticosteroids and 17-ketosteroids in the / 14k

course of systematic physical training. He found that the excretion rate increased with )
. improving physical training status. For this reason, he believes that physical training
[ stimulates adrenal activity.
1+
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3. METHODOLOGY

3.1 Test Subjects and Test Arrangement

The studies were conducted on two groups of volunteers who were financially re-
warded for their cooperation. The first group consisted of 11 healthy, untrained students.
The second group consisted of 11 trained subjects. Most of these were athletes of
national or international all-star caliber in their respective disciplines (long-distance
running, obstacle racing, bicycle racing, ice skating). Each of the two groups was sub-
jected to two work capacity tests on the bicycle ergometer according to the method of
Mueller [51]. The first test, under most intense work conditions, served to determine
maximum oxygen uptake; the second test, under conditions of average work intensity,
served for the study of the biochemical parameters.

Maximum oxygen uptake (VOg max) Was determined by the method of Hollmann [32],
the untrained group starting at 13 kg m/sec*, the trained group at 21 kg m/sec. Then
the work intensity was constantly increased, every three minutes, in steps of 2 kg m/sec
until the individual maximum was reached. The average work capacity attained was
24 kg m/sec for untrained subjects and 34 kg m/sec for trained ones.

The duration of the average physical stress was 30 min in all cases. To subject
both test groups to a comparable stress, the work intensity selected was 50\%] of the
average maximum work capacity attained, i.e., 12 kg m/sec for the untrained group
and 17 kg m/sec for the trained subjects.

Four blood samples were drawn for the determination of biochemical parameters:
the first immediately before the start of work, the second 10 min later, the third 30
min and the last 90 min after the start of work. The blood was drawn from the cubital
vein under conditions of unimpeded blood flow and heparinized. All tests were carried
out at the same time of day, between 1 and 5 p.m., to exclude the effect of possible
periodic daily fluctuations.

3;2 Chemical Methods of Determination

Enzymes, 17-hydroxycorticosteroids, total cholesterol and total protein were mea~
sured in the plasma, whereas blood sugar was determined in whole blood. The results
are expressed in the following units: enzyme activity in mU/ml, blood sugar and total
cholesterol in mg per 100 ml (mg@), corticosteroids in ug per ml (Ng@ and total
protein in g per 100 ml ( g@. The following methods were used.

3.2.1 Eﬁgxmes

By means of the test scheme of the Boehringer company, Mannheim [10], the
activity of the following enzymes was determined: fructose-1, 6-diphosphate aldolase
" (ALD), glutamate-oxalacetate transaminase (GOT), glutamate-pyruvate transaminase

;
*Translator's Note: The German "kp"\= kilopond = K8iorce
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(GPT) and malate dehydrogenase (MDH). These optical tests involve the measurement
of light absorption by a coenzyme taking part in a reaction. In our case, the coenzyme
was nicotinamide adenine dinucleotide (NAD). The reduced form (NADH) has an absorp-
tion maximum at 340 nm, whereas NAD (oxidized form) shows no absorption in the 300~
400 nm range. Hence, NAD-dependent dehydrogenase reactions can be followed photo-
metrically in this wavelength range by measuring either an increase in absorbance
(formation of NADH with a decrease in NAD) or a decrease thereof (formation of NAD
with a decrease in NADH). The same is true for reactions in which the reaction prod-
ucts can be determined by NAD-dependent enzyme reactions (indicator reactions). The
activity of glutamate~oxalacetate transaminase and glutamate-pyruvate transaminase

is measured by combining the reactions catalyzed by these enzymes with an indicator
reaction catalyzed by a dehydrogenase (malate or lactate dehydrogenase) and involving
NAD as the coenzyme.. The aldolase assay involves the use of an auxiliary reaction
which is interposed between the aldolase catalyzed reaction and the corresponding in-
dicator reaction (glycerophosphate dehydrogenase). This auxiliary reaction is also /17%
enzyme-catalyzed (auxiliary enzyme: triose phosphate isomerase).

The activity of an enzyme is characterized by the reaction rate. The measure of
enzyme activity is the international unit. This unit is defined as that quantity of en-
zyme which, under optimal measuring conditions, brings about the reaction of 1 mole
of substrate per minute at 25° C. This unit is indicated by the synbol U (unit) and one
thousandth thereof by mU (milliunit) {60, 63].

3.2.2 Blood Sugar

The sugar assay was performed by the test scheme of Boehringer, Mannheim [72].
This assay is based on the enzymatic determination of "true glucose' and involves the
oxidation of glucose to gluconolactone by means of the specific enzyme glucose oxidase.

In aqueous solution, the lactone is converted into gluconic acid. This reaction produces
hydrogen peroxide which in the presence of peroxidase brings about the dehydrogenation of
o-dianisidine to a red-brown dye. The intensity of the resulting color is proportional

to the glucose concentration and is measured at a wavelength between 430 and 480 nm.

Total cholesterol was determined by the method of Mann [48] which involves
saponification of esterified cholesterol followed by extraction from the plasma of the
cholesterol thus liberated together with the pre-existing free cholesterol fraction:”  The
7latkis color test was carried out with iron (II) chloride in concentrated sulfuric acid,
and the absorbance was measured at 560 nm in a photometer.

3.2.4 17-Hydroxycorticosteroids

Free 17-hydroxycorticosteroids in blood plasma were determined fluorometrically
by the method of Laughlin [47]. The plasma was extracted with dichloromethane, and /18%
the 17-hydroxycorticosteroids were separated from this extract chromatographically on ~
a silica gel column. The 17-hydroxycorticosteroids purified in this manner were

6



converted to the corresponding "fluorophors" in sulfuric acid solution and measured in
the fluorometer. Excitation occurred at 470 nm, and fluorescence was determined at
530 nm. A filter was used to eliminate stray radiation.

3.2.5 Total Protein

Total protein in blood plasma was determined by means of the kit supplied by the
Haury company, Munich. The method is based on a standardized biuret test procedure.

3.3 Abbreviations and Normal Values

For purposes of clarity, the abbreviations used in the tables, figures and text to
denote the parameters tested are again listed below. Also given are their normal values
as determined by the assay methods used by us.

Abbreviation Normal value’
ALD ' fructose-1, 6-diphosphate aldolase (up to 6 mU/ml)
GOT glutamate~oxalacetate transaminase (up to 12 mU/ml)
GPT glutamate-pyruvate transaminase (up to 12 mU/ml)
MDH malate dehydrogenase - - - (48-96 mU/ml) |
BS blood sugar (50-95 mU mg %)}
CH total cholesterol 1(120-250 mg %) -
CS 17-hydroxycorticosteroids (6-24 ug/100 ml)
TP  total protein 16.5-8.0g% |

3.4 Statistical Procedures

Mean values and standard deviations were calculated by known methods [28, 70].
To obtain the stress reaction, the individual differences between initial values and values {%19%
under stress were calculated and expressed as per cent of the initial value. The signi- -
ficance of the differences was checked by Student's test, the method of paired comparisons
being used for intraindividual differences and the method of independent random variables
for interindividual differences. Differences for which the test gave a probability P = 0.05
were considered as significant. To test for the existence of a linear relationship between
two parameters, the Pearson product-moment coefficient of correlation was calculated.

The statistical symbols used were as follows: X = mean; AX = difference between
means; S.D. = standard deviation; P = probability; r = linear correlation coefficient; t =
test quantity*.

| -

1 ' '
" *The author wishes to thank Graduate Meteorologist G. Caroli of the Physiological
Institute, University of Bonn (Director: Prof. Dr. med. J. Pichotka) for the:courtesy
of reviewing the statistical results. '



4. RESULTS | [20%

4.1 Age, Weight, Body Measurements and Maximum Oxygen Uptake

B Table 1 summarizes the age, weight, body measurements and maximum oxygen |

uptake data for both test groups. As expected, the maximum oxygen uptake data show
large and highly significant differences. For the trained subjects, the oxygen uptake
value for the whole body is more than 35\%|, and taking into account weight differences,
47.8\%! higher than the value for the untrained group. This clearly illustrates the great
difference in training status between the two groups.

4.2 Initial Values and Values Under Stress for Untrained Subjects

For the untrained subjects, the absolute initial values of the blood parameters and’

their relative change under [stress, expressed in per cent, are givenin Table 2. A direct |
comparison with normal values shows that all initial values with the exception of MDH ‘
lie within the normal range. The MDH value of 47.2 mU/ml is just below the lower limit
indicated by Boehringer, Mannheim [10]. Note, however, that for practical reasons our
enzyme activities were determined in blood plasma, whereas the cited normal range refers
to blood serum. Studies of Solbach [74] and Vetter [76] have shown that on the average
17-40%] lower values are obtained when the determination is carried out in plasma. This

is because additional enzyme activity is released from the disintegrating cells during

serum work up. This provides an adequate explanation of the low MDH values found.

In the untrained group [all parameters\with the exception of blood sugar increased
during stress (12 kg m/sec). The increase in corticosteroid concentration is not signi-
ficant in view of the marked individual scatter. Blood sugar dropped rapidly and clearly . -
during the first ten minutes of test. During the following 80 min, it tended to assume [23%
pre-exercise values. ALD, MDH and CH attained their maximum values within 10 min
following the start of exertion, whereas GOT and GPT showed maximum increase in
activity after 30 min. MDH showed the greatest increase relative to the initial value, i.e.,
30. The changes in GOT and GPTEEt—ivities droppedito about IO@below the initial
value and the aldolase and cholesterol values increased to about 12%above this value.

To check the blood concentration, each blood sample was analyzed for total protein,
hematocrit, erythrocyte count and hemoglobin concentration. It is assumed that any
changes in total plasma volume or in the relative volume of plasma and blood cells in
peripheral blood are reflected in the variation of these quantities. Their determination
thus provides information about the extent to which the stress \responses\of the biochemical
parameters represent ''real" changes as compared to variations caused merely by changes
in blood concentration. An increase in total protein concentration clearly shows that
within the first 10 minutes total plasma volume dropped by more than 10%lduring the
physical exercise. By the end of this exercise, the initial change was compensated by
about one-half (4. 6@?‘ 30 min). A similar situation is thought to exist as regards peri-
pheral blood: hematocrit, erythrocyte count and hemoglobin values show that here,
the blood concentration changes, i.e., the plasma volume undergoes a relative decrease

_and both the cell volume and cell number undergo a relative increase. These findings
show that up to 10 of the increases in concentration and activity of the quantities

'8
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measured in plasma after 10 min and up to about 5 of those measured after 30 min

are due to changes in blood concentration alone. From a comparison with the relative
increase in GPT (9. 3_@), ALD (12. 5@\)¢and CH (12.7@) after 10 min, it is concluded

that these changes are due essentially to a drop in total plasma volume. The situation [24%
after 30 min is different. The significant increases observed in this instance are much
greater than the changes of the '"blood concentration parameters' and, hence, could,

at least to a large extent, represent ''real" increases in concentration.

4.3 Initial Values and Values under Stress for Trained Subjects

Table summarizes the data for the trained group. Normal values are also given.
A comparison with initial values shows that all values for this test group including MDH
lie within the normal range. It is noteworthy that the initial enzyme activities are higher
than for the untrained group. However, this is in accord with the results of other workers
[12, 15, 65] who found higher GOT, GPT.and ALD levels in trained subjects than in simi~-
lar untrained groups. Other differences between the test groups will be discussed in
greater detail later.

In general, this group also shows increases in activity and concentration except for
blood sugar. However, here the changes in aldolase activity are not significant. The
blood sugar at the start of exertion tends to drop slightly, but this change is so small
as to be statistically insignificant. The maximum GOT and GPT values were attained
after 10 min whereas MDH, CHand CS attained a maximum after 30 min. This increase
in corticosteroid concentration (31. 'ﬂ% !, 30 min) is striking. GPT and MDH also showed
clear-cut increases (23.2%tand 14. 1\%\, respectively), whereas the other parameters
increased by less than 12\%).

"The trained subjects also show a significant change in blood concentration as indi-
cated by the variation of total protein values, hematocrit and erythrocyte count. These
variations are similar in magnitude to those for the untrained group, but here normal
levels seem to be established more slowly. A comparison of the 10 min values shows  /26*
clearly that most of the level rises observed can be attributed to a drop in total plasma
volume. Only GPT and MDH show an additional absolute increase. The 30-min values
also show a strong effect of the blood concentration on the changes measured. However,
the increase in MDH activity and corticosteroid level definitely reflect an absolute in-
crease in concentration.

'4;4 Effect of Training Status on Group Comparison

Table 4 which lists the differences of the means (AX) between untrained and trained
subjects, permits a closer comparison of the two test groups. In this table, a negative
sign indicates that the mean for the trained group is higher than that for the untrained
group, while a positive sign indicates the opposite.

The small number of significant differences between the two groups is strildné;
This is attributable in part to the fact that the differences are small and in part to con~
siderable scatter of the means.
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The trained subjects consistantly show higher enzyme activity values at rest than
do the untrained ones; however, only the differences for aldolase and GOT are statis-
tically significant. With the exception of GPT after 10 min and MDH after 90 min, the
values for the untrained group are higher. However, this general trend toward higher
values is statistically significant only for MDH after 10 min.

The blood sugar, cholesterol and corticosteroid levels at rest do not reflect an
influence of training status. The differences between the two groups are so small that
the means may‘lbg\(considered as being practically identical. The difference in training [28%
status shows an effect only on values determined under stress conditions. For the un-
trained group, the blood sugar clearly declines at the start of physical work (10 min) to
statistically lower values than for the trained group. This trend toward lower blood
sugar levels persists for the untrained subjects to the end of the exercise, the differences
disappearing only after termination of physical exercise. The cholesterol level increases
significantly under stress in both groups. The magnitude of this increase is practically
equal for both groups, as indicated by the small differences between the means. The
tendency of trained subjects to show higher corticosteroid levels under stress is note-
worthy. Some of the means are considerably higher than for the untrained group.

The individual scatter of hormone concentrations is, however, so pronounced for both
groups that it is impossible to establish that the difference observed is a function of
training status.

Figures 1 and 2 give a graphic representation of the data of Table 4, Figurel .

shows clearly that trained subjects|differ from untrained ones inthat they react ‘tophysical

exercise almost exclusively by a less pronounced increase in enzyme activity. Excep- TL/80%
tions are GPT 10 min and MDH 90 min after the start of exercise. )
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Figure 1 Per cent change in enzyme activity from initial
value measured during and after physical stress
Comparison: trained (M) vs. untrained ('O) subjects
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Figure 2 shows the differences in the variation of blood sugar and corticosteroid
levels for the two test groups. For the untrained group, the blood sugar level drops
markedly under stress, whereas for the trained group this level remains relatively
constant. As regards the corticosteroids, the trained group clearly tends to show
higher blood levels during and after stress. The graphic representation of the choles-
terol changes once agam shows clearly the absence of any differences between the two
test groups. .
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F1gure 2 Percent cha.nge in blood sugar, cholesterol and ' N
17-hydroxycorticosteroids from initial value measured
during and after physical stress TComparlson -
trained (M} untrained ('0)]) subjects ! - ol
| _|trained (M) vs. unfrained (O] subjects? -~ = = =]
T Ty !
4.5 Effect of &TrainingiStatus on Individual Comparisons 7 [30%

In the foregoing, the effect of physical training on the biochemical parameters was
investigated by comparing two groups of subjects differing clearly in training status.
The data in Table 5 provide the individual comparisons. To this end, the two test groups
were combined into a single population. The training status of an individual subject was
expressed numerically in terms of maximum oxygen uptake, both with and without regard
for body weight. To provide an individual correlation between training status and the
variation of the various parameters, the correlation coefficient was calculated for the
relationship between maximum oxygen uptake on the one hand and the initial values and:
values under stress on the other. The results are summarized in Table 5.
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The frequent incidence of significant coefficients among initial enzyme activity values
is striking. The magnitude of the coefficients reveals a clear-cut correlation between
ALD and GOT and maximum oxygen uptake, while for GPT this correlation is not as
definite. Moreover, the positive sign of the coefficients confirms the rule, previously
established for the group comparison, that the more highly trained subjects show higher
enzyme activities at rest. This obviously does not apply to MDH for which the relatively
low coefficient precludes the existence of a close correlation. All correlation coefficients
for the enzyme values under stress are'negative ‘with the exception of GPT (10 min) and
MDH (90 min). These data indicate, as'did those:iof Table 4, a reversal of the rule estab-
lished for initial values. In other words, the more highly trained subjects tend to show
lower values under stress. However, the coefficients show clearly that this correlation
is not statistically significant. Only ALD (90 min) and MDH (10 min) show a significant,
reasonably. straight-line correlation with the maximum oxygen uptake.

‘The initial blood sugar, cholesterol and corticosteroid values show practically no /_?:_2_*
linear correlation with maximum oxygen uptake. The unusually low coefficients confirm
the findings based on group comparison, that training status has no appreciable effect on
these levelSlat rest. For some parameters, a correlation appears under conditions of
stress. Thus, the blood sugar values after 10 and 30 min show a'K_sigp‘iﬁp_iag‘t;‘;positive

[corTelationwith maximum oxygen uptake. Obviously, body weight also plays a role in

Tthis case. This is indicated by the fact that these coefficients change markedly when
body weight is taken into account. The constancy of the negative coefficients for the
cholesterol levels under stress conditions suggests a certain regularity of relationship
with maximum oxygen uptake. On the other hand, however, the calculated coefficients
are so low that for all practical purposes they preclude the existence of a close correla-
tion or at least of a close linear correlation. Finally, the corticosteroid level shows a
significant correlation only after 90 min. The correlation calculation thus does not reflect
the observed tendency of trained subjects to show higher values under stress also after 10
and 30 min. The reason for this could be the large individual scatter range observed for
the response of corticosteroids to physical work in both test groups. The correlation
becomes more definite only after cessation of the exertion. The correlation coefficient
for the 90 min values indicates a slight but statistically significant correlation with
maximum oxygen uptake. Accordingly, at this point in time, the more highly trained
subjects tend to show higher corticosteroid levels. The group comparison also suggested
this, but the finding was not statistically significant.

5. DISCUSSION OF THE RESULTS [38%

If we define as physical work capacity the ability to perform work aerobically under
maximum stress, then the maximum oxygen uptake is the parameter that provides direct
information about work capacity. According to Hollmann [32], the maximum oxygen up-
take is a quantity "'that reflects the over-all capacity of respiration, blood, circulation
and skeletal muscles to perform work'. By systematic training, it is possible to'en-
hance the maximum work capacity, expressed in terms of VOg max, by 50%015 the initial
value. Physical exercise on the bicycle ergometer when carried out at 50_\.%\,of the

_maximum individual work capacity produces measureable changes in the parameters
{Studiedlby us. This statement is generally valid regardless of the training status, but it
does not apply to all parameters measured. Exceptions are the aldolase, blood sugar
and corticosteroid values which, under conditions of physical stress, either show

]

17



statistically significant changes only in the untrained group (aldolase, blood sugar) or
only in the trained group (17-hydroxycorticosteroids). This provides an answer to the
first of the questions posed in the introduction: At least three of the parameters studied
by us show variations which depend on the average training status of the two test groups.
Finally, the initial values also show differences as a function of training status. This,
of course, is true only for the enzyme activities studied by us. At rest, the more
highly trained subjects definitely show higher plasma enzyme levels. For the remainder
of the parameters studied, the means for the two groups differ so slightly that they may
be considered as being identical.

To find an answer to the second of the initially posed questions on the basis of our
results is more difficult. Although, as previously mentioned, differences in magnitude of
the parameter changes have been shown to depend on training status, these differences
seemingly cannot be correlated directly with the maximum oxygen uptake. This is indicated
by our correlation calculations. Only a few statistically significant coefficients were /34
found for the correlation between maximum oxygen uptake and parameter values under
stress conditions. Furthermore, these coefficients are so low that, in our opinion, it is
not possible to draw from the magnitude of these changes any definite conclusions about ... i°
the training status. This general statement does not apply to the results concerning
aldolase which will be discussed later.

The mechanism underlying the increase in activity of cell enzymes in blood in
response to physical exercise is not entirely clear. There are indications which suggest
that muscular exercise can bring about an increase in membrane permeability of muscle
cells [31]. Higher requirements placed on cell metabolism could interfere withithe sup-
ply of energy needed for maintaining membrane density. Thus, the higher level of cell
enzymes in blood could be attributed to a negative energy balance in cell metabolism.
Based on our findings, we may then assume that trained subjects for whom the increase
in enzyme activity is generally smaller than for the untrained subjects, have acquired
the ability to equalize more readily the energy balance of their muscle metabolism
during physical work. The reverse situation regarding enzyme activities at rest seems
to contradict this hypothesis. The differences between means and the correlation calcu-
lations both show clearly that the more highly trained subjects tend strongly toward
appreciably higher values at rest than do the less trained or untrained subjects. This
observation is in agreement with the findings of many investigators [12, 15, 65].
Although we are, to an extent, justified in considering the muscle cell as the main source
of "work-related enzyme hyperactivity" in plasma, there is no doubt that numerous
other enzyme-rich tissues also contribute to plasma enzyme levels at rest or under nor-
mal conditions [31]. It is therefore difficult to explain why trained subjects should show /35*
higher enzyme levels at rest. It is conceivable that this is due to differences in muscle
mass. Cantone [15] postulates that the muscle cell is capable of meeting the constantly
elevated energy requirements during training also because of an induced increase in enzyme
production. This generates a higher concentration gradient between cell and plasma and,
as a direct result, increased enzyme levels in blood. This view is consistent with our
explanation of the reverse situation during exercise: The concentration gradient is not
affected by short-lasting physical effort so that the ability to supply adequately total
energy requirements becomes determining under these conditions. Higher enzyme con-
centrations are useful in this respect because by increasing the conversion rates they
promote faster utilization of available energy carriers. It is not possible to conclude
firmly at this time whether these concepts are realistic.
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The change in blood sugar levels during muscular work has been explained [6].
This change not only depends on the intensity and duration of work, but also on training
status. Typical for untrained subjects is an initial drop, which is the greater the more
strenuous the effort. Under steady-state work conditions, the sugar level tends to
return to normal values. By contrast, trained subjects show greater constancy during
light or semi-strenuous work; marked hypoglycemia is observed only under conditions
of fatigue. In view of these differences, it is surprising that our results do not show
a closer correlation between maximum oxygen uptake and the change in blood sugar
level during work. Correlation coefficients r = 0.449 (10 min) and r = 0. 446 (30 min)
are significant thus indicating the existence of a correlation. However, their value is
so small that at this time they permit no general conclusions regarding changes in
blood sugar as a function of training status. As shown by Keul et al [42], the differences
between untrained and trained subjects are still greater when the blood sugar is measured 136*
in arterial blood. Conceivably, corresponding calculations based on such measurements
would show a closer correlation than do the blood sugar values in venous blood determined
by us. ’

Based on our results, the cholesterol level shows no differences owing to training
status neither at rest nor during exercise. In its response to stress in both groups the
cholesterol level clearly follows changes in hematocrit and total protein. Since 7 S@Of
blood cholesterol is bound to lipoproteins, the increased levels observed are not abso-
lute increases but essentially relative increases in concentration caused by a drop in total
plasma volume. These findings contradict the observations of other investigators which
suggest that physical activity leads to a decline in cholesterol level [1, 57] and that
trained subjects show under conditions of acute physical effort a different change in
cholesterol level than do untrained subjects [68, 69]. To a large extent, this discrepancy
can be explained on the basis that it is not always absolutely clear what is meant by
different training status. To define the training status, subjective statements are fre-
quently made in the literature regarding the intensity and duration of training of the test
subjects. It is noteworthy that whenever the training status was quantified by maximum
oxygen uptake, no correlation between cholesterol and physical training could be estab-
lished [2, 13, 14, 7Z1].

The concentration of 17-OH~-corticosteroids in peripheral blood is a resultant of
several factors: 1. secretion; 2. distribution and dilution in the intravasal space;
3. metabolism; 4. excretion [39]. Moreover, an increased 'utilization'' by the working
muscle is thought to affect the plasma level by acting in opposition to secretion [18, 50].
The marked scatter of our findings suggests that the large interindividual differences [37*
depend on the extent to which these individual factors are involved. This would also
explain why the unusually high (in an absolute sense) increase in 17-OH-corticosteroids
in response to muscular exercise found by us is not statistically significant. Only the
trained group showed a significant increase of 31. 7T_\%Y at the end of physical stress.
This value represents in absolute terms the largest change measured by us. Interest-
ingly, trained subjects generally showed higher corticosteroid levels under stress than
did untrained subjects, the values at rest or the initial values being practically identical
for both groups. A more pronounced response to stress in trained subjects has been
reported also for other types of stress (acceleration, oxygen insufficiency) [78]. From
the fact that in such instances, too, the levels at rest showed no differences, it was
assumed that trained subjects as a result of constantly repeated stimulation by physical
stress have acquired a higher non-specific "adrenal reactivity'' compared to untrained

“—subjects. Whether this assumption is correct cannot be decided here. It is noteworth; e
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however, that our results sometimes show no significant correlation whatever between |
maximum oxygen uptake and 17~OH-corticosteroid changes during exercise (10 and 30
min) and sometimes only a very small, statistically significant coefficient (r = 0.424;

50 min after cessation of exercise). | This leads to the conclusion that the hypothesis adopted j
in the case of oxygen insufficiency and acceleration cannot be applied directly and S

with equal justification also to physical exercise. N

With respect to the questions posed in the introduction, | aldolase/gave by far the
most interesting results among the parameters studied by us. For this reason, we !
left the detailed discussion of these results for the end. According the Richter and P

. Konitzer [64], in the work capacity test serum aldolase activity increases in untrained |
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subjects and decreases in trained ones. In our experiments, too, 60 min after cessation
fefworklaldolase activity intrained subjects tended to decrease -7.2@below the initial
value. This value, for which P = 0,1, is at the limit of statistical significance. This

. difference as a function of training status is supported by our correlation calculation.

By combining the two test groups into one population and calculating the correlation coef-
ficient for the relationship between maximum oxygen uptake and aldolase values for 60 .

. min after cessation of exercise (90 min values), a significant negative coefficient is ob-’
' tained. This coefficient is not very large, pointing to a moderately linear relationship.,
. However, in this instance, too, physically untrained subjects tend to show higher aldolas

v

activities than do trained ones. , ;

The aldolase values at rest show still more pronounced correlation with training
status. This correlation is characterized by a reversed sign. At rest, trained subjects
on the average show higher aldolase levels than do untrained ones. The high statistical
isignificance leaves no doubt that this difference is not due to chance. The relatively high
lcorrelation coefficient (r = 0.695) for the individual comparisons between maximum \
onygen uptake and initial aldolase values supports this conclusion. This correlation not
only reflects the clear-cut difference between the two test populations, but particularly
the existence of a linear relationship between training status improves the aldolase level

s
H

 at rest increases. This result is in good agreement with the observations of Cantone and

Ceretelli~[15] and reinforces them in that it is statistically significant. The correlation
established by us suggests that, in analogy to the method of determining maximum work
capacity by measuring maximum oxygen uptake, it should be possible to use the deter- |,
mination of aldolase activity in blood as a means for obtaining quantitative information °
about the training status. This would be particularly valuable from a practical stand-
point: The method of determining maximum oxygen uptake which is technically relatively
tedious and time~consuming would be replaced by a very simple, rapid chemical assay;.

. furthermore, the subject would not be subjected to stress since the assay would be con—

ducted at rest and not under exhausting exercise conditions. In our opinion, however,

the results presented here do not allow such a general conclusion for the following reason:

The correlation expressed by the coefficient r = 0. 695, calculated by us is not sufficiently
linear to provide a reflection of aerobic work capacity. Moreover, the population sample
studied is too small to justify a general conclusion which would be applicable outside

this population. On the other hand, we believe that our results are sufficiently important

. to provide a new, promising basis for further studies.
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6. CONCLUSION /A0

Changes in enzymes, glucose, cholesterol and 17-hydroxycorticosteroids were
studied in the blood of 11 untrained and 11 trained test subjects during physical work.
For both groups, maximum oxygen uptake was used as the criterion of physical work
capacity and hence training status. The results show that under standardized work
condltlons, aldolase activity and blood sugar and corticosteroid levels vary depending
on training status. From the magnitude of the changes induced by physical stress, no
definite conclusions can be drawn regarding physical work capacity. It is assumed that
a closer correlation exists between aldolase activity at rest and training status. This
is based on the fact that the correlation coefficient calculated for the relatlonshlp between
mammum oxygen uptake and aldolase activity is r = 0. 628,
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